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By G. Kiel

STJI?IUA13Y

T>ie conventional method of calibrating the flight dy-’
namic pressure in quatrailgular flights is not altogether
satisfactory i-nmany cases, and at times even absolutely
inapplicable (for instance, for dynamic pressure calibra-
tion- iil the range of maxiw.m lift, in clim12ing or power-
off flight). A more accurate and generally more practical
method i.s to so record the dynamic pressure that the total
head is recorded a,t the wing and the static pressure is
obtained from a pitot-s urvcy apparatus trailing in undis-
turbed air flows hencath the airplai~c. Rilis, however,
calls for a total-head meter of small scilsitivity to yaw,
such as VJC developed.

This a.yparatus iS essenti.a~ly a m~enturj,, housing ~
pitot tube for obtaining the total head. In yaw the flow
wit’hin the nozzle is cleflected, dcpendi-ng upon the degree
of yaw, to a greater or lesser exton.t into the axial di-
rection of the nozzle. After experimenting with several
nozzle ~oz.m-sa<s to their suitability~ the best dest~n was
finally adopted. Oilt?feature comaon to all investigated
forms was, that the point least affected by yaw was at a
distance of 0.5 diameter downstream from the entrance sec-
tion. l?iion,with. tl.e chosen nozzle form, tho total head.
is 0.5 entrance section diameter downstream, the instl*u-
ment supmlics the Eenuine total bead at low Reynolds lhz.m-
bers up ;O 40° yaw, at high Reynolds Xumbers up to 43° ~yaw.

The instrument meets all practical requirements. It
has proved satisfactory in the vind tunnel as $,7c11as in
free flight. It has the dual advantage of bei.:~g Vel-y sirfl-

ple aild minus any mechanically moving parts.
,,—-—————..——-__.———___.—______._-..__,______._._______________________,__________

*lfGesamtj.ruclcGc~~t nit grosser Unempfindlichkeit gcgeit

Schraganstromuilg. 11 Luftfahrtforschung, Uay 16, 1935,
pp. 75-79.
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The” conventional method of calibrating the dynanic
pressure in flight neasurer,lents is bY means of a fixed iil-
strument and quadrangular flijht. TLesc calibrations,
however, are not always satisfactory. As the coefficient
of advance of the propeller changes, t.hc lift and velocity
distribution also assu.mc different form. TO USO Calillra-
tion curves obtained from level quadrangular flights
(thrust = dra,g) for evaluating rocasurer:lcntsfrom climbing
or idliilg flight, may introduce considerable errors.
These sources of error can, however, be avoided when tile
perrmizently iil~talle(?Ldynamic pressure ap~arat~s is also
adequately calibrated in climbing aad idlzng flight. Cal-
ibration is afforded in all cases (level flight, climl), or
throttled flight) when the dynamic pressure is measured in
such. a way that the total head is taken from a total-head
meter located oil the wing, while the static pressure is
o%t.ained with a st,a~ic survey apparatus trailing in tb.e un-
disturbed air below the airplane.

The ~remise for the satisfactory measurement of the
dynamic pressure is the exact recording of the total head
as well as of the static pressure. However , inasmuch as
the location for mounting the total-head meter uay be
exposed to considerable chai~ges in air-flow direction, the
total-head .meker must lle such as to assure an accurate
record even in cctnsiderable yam.

PHYSICAL PRINCIPLES

A small sensitivity of total-head readings in yaw may
be achieved in varions ways. Yor example, a freely rotat-
ing instrument may be used; but such devices are frequent-
ly un~iandy “oecause of their bulk, aside from the fact that
the iilOViilgparts constitute a source of interference.

In a rotationally sy~i.letrical cylinder of suitable
length, iil yaw, the air stream within the cylinder is de-
flected to a greater or lesser extent, according to the
degree of yaw, iilto the axial direction. of the cylinder.
The conditions are illustrated iil figur”e 1 for a simple
cylinder,’ and in figure’”2, for a venturi-shaped cylinder.
Ilot’hare of glass so as to show the flow within. The
liquid was water with ~Linute silver crystals (reference 1).
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By u~ii~g a small slotted diapilra~m, a plane of light was
placed through the moving, fluid arid the inside of the

) cyli’nder, so that a small fluid layer became visible. In
j this nanner it,was possible to observe and. photograph the
f! streamlines in the plane of intersection at various de-
~;

grees of yaw. ~he angle 0 between uildisturbed streah dir-
ection and axis of symmetry of the cylinder is also
shown on the p-potographs. The rate of ‘flow of” the water
has 0.15 to 0.2 m/s (0.49 to 0.656 ft./see.). These fiow
picture-s reveal very clearly how’ the flow is deflected.
into axial direction up to comparatively great yaw. The
nozzle-shaped cylinder in figure 2 is particularly impres-
sive. Here the deflection in axial direction persists up
to quite considerable yaw.

KOW according to Ber~ioullil s theorein, the total head
in the nonturbulent flow past a streamline is constant.
If the total head is measured by -pitot tu-oe in the cylin-
der, particularly the nozzle, within railge of the undist-
urbed air stream and at a point where this’ flow is at
least approximately in axial direction, then the total
head must be the true head even up to great yaw.*

TGTAL-HEAD ERRORS ALOHG THX AXIS Ol?

SEVERAL ROTATIONALLY

The problem was row

SYW!ETRICAL NOZZLES IN YAW

resolved to:

1. I?inding a suitable form of the rotationally sym-
metrical cylinder deflecting the flow, and

2. Establishing the best point within the cylinder
for measuring the total hea.d~

Whence the investigation of divers ilozZle forms as to
their suitability in the small wind tunnel of the DVL.

(See--figc3e) ‘ -- “ -___: . .The test arrangement 1s sketcned zn f~gure

*This method was previously employed by ~etz lut, unfortu-
nately, literature fails to give any further deta,ils. See
H. Peters! ‘lPressure Recordingll in Hand-ouch der Experimen-
talphysik, vol. IV: iiydro- und Ae.rodynamik I, p, 499.
Pu%lished by L. Schiller. Akademische Verlagsgesellschaft
m.b.H., Leipzig, 1931.
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4. The total-head difference
Pg - Pgo along the axis

was measured at different yaw positions 0 of the nozzles
with respect to the flow direction. Here%y Pg = indicat-

ed total head; ~go
= actual total head of flow. The nleas-

urements were i;lade uith: constant 0 while varying the” dis-
tance a of the pressure measurement froillt’he entrance
section. T!he actual total-head was estahiished by accu-
rate calibration. The experiments were made at –
leg/m 2 (20.48 lb. /sq. ft.) dynamic prcssare, while ~h= ~~~-
pIeted ’instTurnent was tested simply at different dynamic
pressures wit-h a view to any eventual scale effects. Tho
pressure ras measured with a. micromanometcr having an in-
dicating accuracy to ~~it~~in 1/10 to l/~(_j kg/~2 (0.021 to

0.041 lb./sq.ft.) (reference 2). On the basis of 1/10 kg/

m2 (0.021 1%./sq.ft.) micromanoneter accuracy together
with assuming that the pitot tube registers the total head
only within an accuracy of 0.001, the iilstrumental accu-
racy of the experiments made with 100 kg/IJ2 (20.48 lb./
sq.ft.) dynamic pressure, is about 0.002.

The test results are reproduced in figures 5 to 7.
The total-head error for the individual forms at differ-
ent yaw o is plotted in percent of the dynamic pressure

(

Pg - p~o )
130 –––;–--–-, versus distance a from the entrailce sec-

tion; tiis distance a ‘~eing expressed in diameters of
entrai~ce section D, that is, the ratio a/D. The experi-
me-ntal results reveal that iil all explored cylinders the

curves 100 -=;-:~~ ‘ f ~) at any yawed position ap-

pro”a”ch zero value more or less at about the same distance
froro the entrance section; that is, y*o.5. The lest

form is tl,at of ilOzzle 2, with its particularly favorable
flatness of tile total-head curves in the vicinity of ap-
proaching zero value. It indicates that a small shifting
of the total-head measurement in the vicinity of

:=0”5
has practically no effect on the total-head reading. ~~oz-
ZIC 3 is the.‘shortened nozzle 2 and not as favorable as 2,
according to..tile.measuremcnts.

Figure 8. shows the total-head error at
;= 0“5 ‘n

percent” of dynamic pressure versus yaw

—
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5 to 7. Nozzle 2 is distinctly superior; at $= 085
the

total head remains without error up to 45° yaw.

FINAL I?ORM 07? TOTAL-HEAD HET!3R) ITS TEST IN

- THE \71ND TUNNEL AND IITFRI!13FLIGHT

Since in order to be practical i~’flight the instru-
ment must be convenient and of small bulk, nozzle 2 was
again investigated with smaller dimensions. The measure-
ments made in “the same manner as before showed the same
result as the larger nozzle 2,

The final total-head n’eter is shown in figures 9, 10,
and 11. The principal dimensions are seen from figure 9,
expressed in multiples of nozzle diameter.

The final apparatus was then testel in the described
manner in the wind turlilel. The total-head error is plot-

-n - Pgo
ted in percent of ~o~ l!._<-––– versus o at different

Reynolds ~~umbers in figure 12* The dependence on the
ReYilolds Number is quite small. At ~ow R the sensitivi-
ty to yaw is slightly greater. The deviation of the error
curve with the finished instrument occurs somewhat earlier
than with the experimental nozzles, according to figure 12.
There also is a small point of discontinuity, caused prob-
ably by a disturbance of the smooth flow through the pitot-
tuhe supports. The instrurnerit meets any requirement en-
co~ntcred in practice. It can in all cases be v-sealUP to
40 yaw and at high speeds up to 43° yaw. The experiments
further revealed that hy preserving the same dimensional
figures the instrument can be manufactured in aily desired
size and be used in aily practical way without calibT,a,,tio;l
of each individual instrument.

...,,

To prove its practical usefulness in exact flig~lt
.1
t

measurements, the total-head meter was subjected to flight ;$

.. ,>
,.,,,,.
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tests, consisting of” quadrangular flights;. during which
the dynamic pressure was measured by total-head meter and
a static-survey apparatus trailing below the airplane.
To make these comparative measurements truly represents-” ~
tive, these flights were made only in very calm weather
(fig. 13). The accord of both measuring methods is very
satisfactory, aild proves that the instrument is equally
practicable for wind-tunnel and free-flight tests.

Translation by J. Vanier,
National Advisory Committee
for Aeronautics.
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